Since we reported about a landmark technique to reopen an occluded subclavian artery, we have faced difficulty in using protection devices in the vertebral artery to protect against thromboembolism from the reversed steal phenomenon after angioplasty and stenting. Therefore, we are presenting an optimal solution in using a protection device while recanalizing the occluded subclavian artery.
Subclavian artery (SCA) steno-occlusion is still one of the most common sites prone to atherosclerosis despite its different involvement pattern of atherosclerotic stenosis in Koreans [1] [2] [3] [4] [5] [6] . Although surgical treatment for a SCA occlusion has been widely used, percutaneous endovascular technique is another option and may prove efficacious for a broader spectrum of patients, since they allow a direct correction of the hemodynamic insufficiency [7, 8] .
Through our previous report, we suggested a more efficacious and safer method of recanalization using a Landmark-wire technique [9] . However, unlike carotid stenting with a protection device, little is known about distal protection methods during stenting procedures [8, [10] [11] [12] . Therefore, we will present a safe and effective technique using a protective device in stenting of a symptomatic subclavian artery occlusion and describe how to apply sequential procedural steps of angioplasty followed by stenting while using a protection device with the Landmark-wire technique.
MATERIALS AND METHODS
Among 21 consecutive patients who underwent SCA and brachiocephalic artery stent insertion at our institute, there were four patients (three men, one woman; age range, 53-64 years) with symptomatic SCA occlusion from May 2006 to June 2011. Of these patients, we performed the subclavian artery stenting under the vertebral artery protection in two patients (Table 1) . Their symptoms were dizziness, arm weakness, coolness and absent or weak pulse and/or blood pressure difference (> 20 mmHg) in both arms.
Angiogram revealed both the steal phenomenon and prevertebral segment occlusion in one patient, and occlusion of the left subclavian artery from aortic origin to just before the left vertebral artery origin in another patient (Fig. 1) .
All patients were given dual antiplatelet medication (100 mg aspirin and 75 mg clopidogrel) at least three days before the procedure [6, 8, 13, 14] . The procedure was performed under local neuroleptic anesthesia. Technical success was defined as angiographic residual stenosis less than 20% and a gradient of less than 5 mmHg across the treated lesion. Patients were evaluated 1-13 months following the procedure. Patency of the stented segment was demonstrated by means of CT angiography (CTA) after one year. Clinical failure was defined as renewed clinical symptoms caused by recurrent obstruction of the SCA.
Protection Device in Landmark-wire Technique
After careful evaluation of the color-coded duplex sonography, CTA, and/or MR angiography of the aortic arch vessels, we initially punctured both the femoral and the brachial arteries. An 8F guiding catheter was placed into the ostium of the left SCA, and a 7F catheter was inserted into the ipsilateral brachial artery. Systemic heparinization was given to make the activated coagulation time more than 250 seconds. Bilateral selective angiograms or the roadmap were obtained to demonstrate both ends of the occluded left subclavian artery (Fig. 1A) . In patient 1, a guidewire was inserted via the femoral guiding catheter into the occluded lesion. Under the landmark of the catheter and/or guidewire which were inserted via the brachial artery into the opposite end of the occluded segment, we probed and crossed through the occluded segment using a catheter via the femoral route. Once a stiff guidewire such as Conquest (Asahi Intecc Co, Ltd, Aichi, Japan), crossed through the occluded segment, a protection device (SpiderFX1, 5-mm, eV3, Plymouth, MN, U.S.A.) was inserted into the vertebral artery via the brachial route (Fig. 2) . Then we performed predilation using an angioplasty balloon (Maverick, 2 mm ×1.5 cm; Ultrasoft SV, 5×2) followed by stent placement (Precise, Cordis Corp, Miami,FL, U.S.A.). The first balloon was used subsequently to pass the 0.035 guidewire because the occluded lumen was very tight even to pass a balloon. We postdilated with Ultra-soft SV (Boston Scientific Scimed Inc. MN, U.S.A.) via the femoral route. In patient 2 who had 3.5 cm long segment occlusion, we probed and crossed through the occluded segment via the brachial route because a guidwire was not crossed the occluded segment from the femoral access route (Fig. 1) . To prevent a thromboembolic complication, we placed a protection device (SpiderFX1, 5-mm, eV3, Plymouth, MN, U.S.A.) over another microwire via the brachial route. Via the brachial route, we performed pre-dilatation angioplasty with a balloon of 2 cm diameter and 12 mm length followed by stent placement (Precise, Cordis Corp, Miami,FL, U.S.A.) and postdilated by 7×4 Sterling � Balloon Dilatation Catheter (Boston Scientific Corporation, Natick, MA,U.S.A.).
After the procedure, the patients received 100 mg of aspirin once daily as a permanent medication and 75 mg of clopidogrel once daily for at least six months following the procedure [6, 8, 13] .
RESULTS
Technical success was achieved in two patients. We uneventfully crossed the guidewire through the occlusive lesion using the Landmark-wire technique via the femoral catheter in one patient and via the brachial route in another patient. We then predilated stenotic segment with a balloon followed by stenting along the guidewire.
Failure of guidewire passage along the trans-femoral route prevented from the subsequent introduction of both protection device and stenting systems. However, both systems could not be smoothly performed via the 7F sheath of trans-brachial route (Fig. 2) . A problem via brachial route was that protection device is prone to be pulled down and caught in the stent strut (Fig. 1B) . So the removal of protection device was done using 4F angiocatheter after removal of stent introducer. The post-procedural angiogram showed regained antegrade flow without significant residual stenosis after stenting (Fig. 1C ). There were no adverse events during the procedure and no symptom recurrence. CTA of patient 1 showed a good patency with disappearance of symptoms on 13 month follow-up. There was no symptom in patient 2 on one month clinical follow-up.
DISCUSSION
Even though endovascular treatment for subclavian artery stenosis is widely performed [15] , endovascular recanalization of subclavian occlusion is confined to a small number of case series [16] [17] [18] [19] [20] . This is mostly due to the frequent failed attempts to navigate the occluded segment by transfemoral or trans-brachial approach alone resulting in approximately 70% treatment success rate compared with the 90-100% success rate of subclavian artery stenosis [21, 22] .
Recently Liu et al [9] . described Landmark-wire technique that can overcome the difficulties encountered in subclvian revascularization in occlusion cases. Even after crossing through the occluded segment with Landmark-wire technique, there is still a problem how to protect thromboembolism in the reversed vertebral arterial flow. Although patients with SCA occlusion have embolization protection effect due to both subclavian steal phenomenon and delayed restoration of antegrade vertebral flow from 20 seconds up to several minutes [23] , the neurological complication rate of subclavian artery angioplasty is in between 0.4% and 4.7% [24] [25] [26] . Beck et al [25] . reported the rate of 1% neurological complication rate in 423 subclavian interventions, whereas Angle et al [26] . reported aphasia in one of 21 patients (4.7%) undergoing subclavian angioplasty.
Despite using a distal protection device for carotid artery stenting [27] , the use of the protection device in subclavian occlusive disease in a Landmark-wire technique has not been clearly established and how to protect embolism in the vertebral artery is another key aspect of successful subclavian occlusion revascularization procedures.
Our study demonstrated combined use of Landmarkwire technique with a protection device in the vertebral artery. When crossing through the occluded segment was possible with trans-femoral route, as in patient 1, trans-brachial protection device placement followed by trans-femoral presenting balloon and stenting could be done without any problem. However, when crossing through the occluded segment was done via transbrachial route instead of trans-femoral route as in patient 2, distal protection device together with ballooning and stenting should be done via transbrachial route. This might result in traction of the protection device during stenting procedure leading to difficult retrieval of the system due to trapping in the stent strut. To avoid such a trapping of the protection device in the stent, final stenting should be done via tran-femoral route after securing the lumen in the occluded segment by angioplasty via trans-brachial route. However, in case there is inadvertent trapping of the protection device as in our patient 2, we recommend using 4F angiocatheter to retrieve the trapped protection device in the stent because a simple angled 4F angiocatheter can be manipulated multidirectionally. Although simultaneous usage of both protection device and stent with 8F trans-brachial could solve these problems, puncture site management can be problematic due to post-procedural hematoma formation.
Regarding the operator's position, we recommend that ordinary position of the operator at the right side of the patient beside the right femoral puncture site would be better. The separate positioning at the femoral as well as the brachial puncture sites would be very inconvenient for the operator to move to two different positions of two puncture sites unless two operators are involved. For such simultaneous operation at two puncture sites, the patient's arm needs to be set just close to the body so that the operator can handle both sites in the parallel direction beside the right femoral puncture site.
If we avoid these problems, there are several advantages of endovascular treatment over surgery. That includes avoidance of surgical complications that is reported as high as 21% including numerous neurologic events, lymphatic fistula, and need for repeat surgery due to postoperative hemorrhage in 3.3% of patients [28] . Other clinical advantages are to reduce the hospital stay and to achieve more rapid postoperative recovery with functional recovery [29] .
When occluded segment is crossed via a transbrachial route in subclavian artery occlusion with Landmark-wire technique, it is more desirable to perform stenting via transfemoral route with a protection device advanced via trans-brachial route. In this way, neither puncture site problem nor friction of the stent and protection device will occur.
